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Abstract 
'. Y 

T h e  inf luence  of t h e r m a l  and mechanical t r ea tmen t s  upon / 

t h e  e leva ted  temperature s t a b i l i t y ,  the mic ros t ruc tu re  and the 

mechanical p r o p e r t i e s  of aluminum-aluminum oxide alloys is 

inves t iga ted .  Compacts from atomized and f l a k e  aluminum powGers 

were s i n t e r e d  a t  temperatures j u s t  below t h e  melt ing po in t  of 

aluminum i n  a vacuum of 10 Torr  for s e v e r a l  hours  and were -4 

then  h o t  extruded. During t h i s  t reatment  t h e  hydrated oxide 

p r e s e n t  on t h e  su r face  of t h e  powder p a r t i c l e s  decomposes, 

t h e  water vapor produced r e a c t s  with t h e  aluminurn forming 

a d d i t i o n a l  oxide, and t h e  hydrogen developed i s  removed by 

d i f f u s i o n  t o  t h e  surface.  Extrusions of compacts s o  treated 

a r e  s t a b l e  a t  terliperatures up t o  t h e  melt ing p o i n t  of aluminum 

and do not  form blisters and i n t e r n a l  d e f e c t s  t y p i c a l  of 

ex t rus ions  €rom unt rea ted  powder. E lec t ron  micrographs of 

ex t rus ions  from uns in te red  compacts show long p a r a l l e l  o r i e n t e d  

p l a t e l e t s  t y p i c a l  of the hydrated oxide s k i n s  on the o r i g i n a l  

powder p a r t i c l e s ,  while the oxide p a r t i c l e s  i n  ex t rus ions  from 

s i n t e r e d  compacts a re  broken up. 

from t r e a t e d  powder is somewhat lower, b u t  t h e i r  d u c t i l i t y  is 

cons iderably  improved over t h a t  of ex t rus ions  from unt rea ted  

powder. 

The s t r e n g t h  o f  ex t rus ions  

The s l i p  t r a c e  p a t t e r n s  on e l e c t r o n  micrographs of 

ex t rus ions  which had been s t r a ined  in t ens ion  be fo re  r e p l i c a t i o n  



I 

f g 3 0 <  

indicated that the grainsize of the extruded alloys was 

approximately the same as that of the original powder 

particles. 

severe cold work and anneal-ing of the extrusions. They 

have significantly lower room temperature strength, but 

Coarse-grained alloys were produced by 

\ 
\ 

about the same ductility as the vacuum sintered fine-grained 

alloys. T h e  size and shape of oxides in the coarse-grained 

alloys is similar to those o€ the fine-grained alloys, but 

the particles are somewhat more uniformly distributed. 
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In t roduc t ion  

I n  previous inves t iga t ions  (lY2) t h e  p r o p e r t i e s  and 

s t r u c t u r e  of aluminuin alloys were descr ibed which had been 

produced by co ld  compacting alumiilum powder and then  h o t  

p re s s ing  and extruding the compacts. Both t h e  s t r u c t u r e  and 

t h e  p r o p e r t i e s  of t h e s e  a l l o y s  d i f f e r  s i g n i f i c a n t l y  from 

those  of commercially produced aluminum-alurtiinum oxide a l loys .  

When commercial a l l o y s  a r e  produced, they  a r e  given a s i n t e r i n g  

t rea tment  i n  a i r  a t  about G O O O C  between co ld  cornpacting and h o t  

p re s s ing  ( 3 )  . 
forms t h e  coa t ing  on t h e  aluminum powder p a r t i c l e s  from which 

t h e  a l l o y s  a r e  prepared is  decom2osed (". The chemically 

bound water which is  re leased  r e a c t s  with t h e  aluminum and 

forms aluminum oxide and hydrogen. 

e l imina ted  by d i f f u s i n g  t o  t h e  i n t e r i o r  o r  e x t e r i o r  su r faces  

of the compact, b u t  it i s  d i f f i c u l t  t o  e l imina te  a l l  of it 

because t h e  s o l u b i l i t y  of hydrogen i n  s o l i d  aluininum i s  

very l o w  even near i ts  melting point .  Extruded a l l o y s  which 

a r e  n o t  s i n t e r e d  be fo re  hot  p re s s ing  and ex t rus ion  appear 

q u i t e  sound upon metallographic examination, b u t  develop 

severe  su r face  b l i s t e r i n g  and internal .  f i s s u r i n g  when they  

a r e  heated t o  e leva ted  temperatures af ter  ex t rus ion .  

F i s s u r e s  and blisters have been observed even i n  commercial 

a l l o y s  which had been s in t e red  i n  a i r ,  although they  a r e  much 

Dur ing  t h i s  t rea tment  t h e  hydrated oxide,  which 

Most of t h e  hydrogen i s  
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less severe  ( 5 ) .  

t rea tment  it was s tudied  i n  t h i s  i n v e s t i g a t i o n  i n  a modified 

form us ing  vacuum s i n t e r i n g  r a t h e r  than  s i n t e r i n g  i n  a i r ,  t o  

i n s u r e  more complete e l iminat ion of occluded hydrogen. 

The technique is descr ibed and the e f f e c t  of t h e  t rea tment  

upon t h e  s t r u c t u r e  of t h e  a l l o y s  i s  documented. 

Because of t h e  importance of t h i s  s i n t e k i n g  

It h a s  been known fo r  some t i m e  t h a t  extruded aluminum- 

aluminum oxide a l l o y s  a r e  very f inegra ined ,  b u t  an exac t  

d e l i n e a t i o n  of g r a i n s  i n  e l ec t ron  micrographs h a s  not  been 

poss ib le .  

techniques c t chan t s  a t t a c k  t h e  i n t e r f a c e  between t h e  second 

phase p a r t i c l e s  and the matrix i n  t h e  a l l o y s  much f a s t e r  

than  t h e  grainboundaries.  Grain boundaries can t h e r e f o r e  

n o t  be d i s t ingu i shed  i n  the etched s t r u c t u r e .  A su r face  

deformat ion  technique was developed by which t h e  g r a i n s  i n  the 

e l e c t r o n  micrographs can be ou t l ined .  Typical  examples of 

applying it t o  a l l o y s  a r e  presented. 

I n  t h e  conventional metal lographic  e tch ing  

Although aluminum-aluminum oxide a l l o y s  i n  t h e  extruded 

condi t ion  are q u i t e  f inegrained,  it is  poss ib l e  t o  produce 

exaggerated graingrowth i n  c e r t a i n  of t h e s e  a l l o y s  having a 

r e l a t i v e l y  low oxide content by a sequence of co ld  working 

and anneal ing opera t ions  following ex t rus ion .  A d i scuss ion  

of  t h e  k i n e t i c s  of g r a i n  coarsening i n  t h e s e  a l l o y s  (6) and 
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prel iminary d a t a  on the effect of the coarsening t rea tment  

b 

1 

upon t e n s i l e  s t r e n g t h  (7 )  have been published previously.  

The a l l o y s  t o  which t h e  gra in  coarsening t rea tment  was 

appl ied  had not  been s in t e red  be fo re  h o t  p re s s ing  and 

ex t rus ion  and t h e r e f o r e  contained i n t e r n a l  c r acks  and 

f i s s u r e s ,  which can be eliminated by including t h e  vacuum 

s i n t e r i n g  s t e p  i n  t h e i r  preparat ion.  The s t r u c t u r e  of sound 

coarse-grained a l l o y s  was compared wi th  t h a t  of as-extruded 

alloys on the basis of e l ec t ron  micrographs of r e p l i c a s .  

F i n a l l y ,  t h e  t e n s i l e  p rope r t i e s  of a l l o y s  which had been 

vacuum s i n t e r e d  i n  t h e  as extruded condi t ion  and of a l l o y s  

which had been given the  grain coarsening t rea tment  a f t e r  

e x t r u s i o n  w e r e  compared with those  previously repor ted  ( L 8 )  

for a l l o y s  which had been cold compacted, h o t  pressed and 

extruded, omit t ing t h e  vacuum s i n t e r i n g  t rea tment  

Vacuum S i n t e r i n s  Treatment 

The vacuum s i n t e r i n g  t rea tment  was developed f o r  a l l o y s  

prepared from f i v e  grades of aluminum powder, ve ry  s i m i l a r  

t o  t h e  grades used i n  previous i n v e s t i g a t i o n s  ( 1 J 2 )  

t h e  powders was t h e  atomized type ;  t h e  o the r  powders were 

f l a k e  type. The p r o p e r t i e s  of t h e s e  aluminum powders are 

given i n  Table I. 

One of 
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The f l a k e  powders, which a r e  t h e  type  used i n  aluminum 

p a i n t ,  were employed i n  t h i s  i n v e s t i g a t i o n  so t h a t  the 

inf luence  of t he  i n i t i a l  oxide d i s t r i b u t i o n  i n  t h e  powder 

might be followed through the  e n t i r e  f a b r i c a t i o n  procedure. 

The  shape and s i z e  of t h e  powder p a r t i c l e s  is known, and 

t h e  oxide can 'be assumed t o  be present  only on t h e  p a r t i c l e  

sur face .  These powders d i f f e r  from t h e  ones used i n  t h e  

production of commercial aluminizra-aluminum oxide a l l o y s ,  

which c o n s i s t  of  l a r g e r  i somet r i c  p a r t i c l e s ,  i n  which most 

of t h e  oxide i s  errbedded i n  the  i n s i d e  of t h e  p a r t i c l e s .  

I n  order  to produce sound ex t rus ions  Z r o m  t h e  f l a k e  

powders, t h e  l u b r i c a n t  remaining from t h e  powder m i l l i n g  

process was removed be fo re  compacting by f i rs t  d i s s o l v i n g  most 

of it i n  xylene, and then  h e a t h y  the powder i n  a vacuum 

of less than  50 microns t o  450°C f o r  2 hours.  Af t e r  t h i s  

t rea tment  the powders w e r e  compacted under a pres su re  of 

20,000 p s i  i n t o  compacts 1" i n  diameter. This  p re s su re  produced 

a compact wi th  s u f f i c i e n t  green s t r e n g t h  for handling, b u t  

permi t ted  t h e  r e t e n t i o n  of a hic;h degree of in te rconnec t ing  

po ros i ty .  

The compacts w e r e  then s i n t e r e d  i n  a vacuum of better 

t h a n  Torr .  Tne s i n t e r i n g  temperature f o r  a l l  m a t e r i a l s  

was 63OOC. The compacts were hea tcd  t o  temperature under 
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vacuum. 

var ied  according t o  t h e  oxide conten t  of t h e  ma te r i a l .  

The t i m e  a t  temperature requi red  for degassing 

A f t e r  vacuum s in t e r ing ,  t h e  cox,pacrts w e r e  h o t  pressed 

a t  54OOC f o r  20 minutes a t  a pressure  of 20,000 t s i  t o  

r a i s e  the d e n s i t y  t o  2.70 gms/cc b e f o r e  ex tmding .  They 

were then  extruded using t h e  i n d i r e c t  ex t rus ion  technique, 

The alloys with  lowest oxide conten t ,  AT-400 and MD-2100, 

were extruded a t  54OOC. The a l l o y s  wi th  h ighe r  oxide con ten t  

requi red  a temperature of 59OoC t o  produce s a t i s f a c t o r y  

ex t rus ions .  

In order  t o  determine t h e  adequacy of t h e  vacuum s i n t e r i n g  

t rea tment ,  a t e s t  was developed i n  which t h e  samples aiker 

ex t rus ion  w e r e  hea ted  t o  64OoC i n  a i r  f o r  5 hours. 

tempsrature  for t h i s  t es t  was chosen, because it w a s  found 

t h a t  if t h e  gas  conten t  was high enough t o  cause eventua l  

b l i s t e r i n g  between 5OOOC and 6OO0C, b l i s t e r i n g  would occur 

i n  a very s h o r t  t i m e  (less t h a n  one hour)  when t h e  m a t e r i a l  

The  high 

was hea ted  t o  wi th in  seve ra l  degrees  of t h e  s o l i d u s  temperature 

(G430C) , 

Afte r  t h e  h e a t  treatment,  a dark oxide f i l m  p r e s e n t  on 

t h e  specimens was etched off i n  d i l u t e  hydrof luor ic  acid.  

The specimens w e r e  then examined f o r  su r face  b l i s t e r i n g  and i n  

some cases sect ioned and examined meta l lographica l ly  f o r  
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i n t e r n a l  f i s s u r e s .  

s i n t e r i n g  t i m e  of 10 hours is  necessary t o  remove hydrogen 

from AT-400, MD-2100 and MD-5100 powder compacts. The 

s i n t e r i n g  t i m e  was increased t o  15 hours f o r  a!-3100 powder 

compacts arid MD-7103 powder compacts. 

On the b a s i s  of t h i s  test ,  a vacuum 

E f f e c t  of Vacuum Sintsr4.r.q upon S t r u c t u r e  

The effect  of t h e  vacuum s i n t e r i n g  t rea tment  upon the  

s t r u c t u r e  of the extruded a l loys  is shown i n  f i g u r e s  1 and 2. 

They a r e  e l e c t r o n  micrographs of carbon r e p l i c a s  froin a l l o y  

1.D-5100 ext rus ions .  The a l loy  of f i g u r e  1 was cold  pressed 

and then h o t  pressed and extruded wikhout any in te rmedia te  

s i n t e r i n g  e i t h e r  i n  a i r  or vacuum, the a l l o y  of f i g u r e  2 was 

prepared from the same powder, b u t  t h e  coinpact was vacuum 

s i n t e r e d  be fo re  h o t  pressing and ex t rus ion .  

i n  f i g u r e  1 appear as p a r a l l e l  p l a t e l e t s ,  r e t a i n i n g  t h c  shape 

of t h e  oxide coa t ing  on t h e  o r i g i n a l  f l a k e  type p a r t i c l e s  

f r o m  which t h e  a l l o y  was prepared. 

i s  l o s t  when t h e  compact is subjec ted  t o  t h e  vacuum-sintering 

t rea tment  during which t h e  hydrated oxide p a r t i c l e s  r e a c t  wi th  

t h e  aluminum matrix.  It is evident  t h a t  dur ing  t h e  r eac t ion ,  

t h e  p a r t i c l e s  of t h e  oxide phase break up an5 f r ac tu re .  An 

i n spec t ion  of t'ne micrograph of Figure 2 may a l s o  lead t o  

The oxide p a r t i c l e s  

Th i s  t y p i c a l  morpho1.ogy 
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Figure 1 1.0, ooox 
Elec t ron  Micrograph of Carbon Replica of 
MD-5100 Alloy Fabricated by Cold pressing, 
Hotpressing and Extrusion without 
In te rmedia te  S i n t e r i n g  Tr, =la tmen t 





Figure 2 10, ooox 
Electron Micrograph of Carbon Replica of 
MD-5100 Alloy Vacuuin Sin te red  10 Hours 
at G3OoC before Hotpressing and Extrusion 





. 

t h e  conclusion t h a t  t h e  oxide phase p l a t e l e t s  have 

spheroidized.  However, a study of t h e  a l l o y  by t ransmiss ion  

e l e c t r o n  micrograph has revealed no evidence of 

spheroidized oxide pac t i c l e s ,  b u t  i n s t ead  i n d i c a t e s  t h a t  

t h e  o r i g i n a l  t h i n  p l a t e l e t  shape is re ta ined .  

t o  be spheroidized p a r t i c l e s  a r e  groups of smsller, broken-up 

p a r t i c l e s  which a r e  n o t  iridj.vidually resolved by t h e  

r e p l i c a t i o n  technique. I n  previous work, t h e  spacing between 

oxide p a r t i c l e s  i n  the s t r u c t u r e  of t h e  a l l o y s  a s  determined 

on e l e c t r o n  micrographs of carbon r e p l i c a s  had been 

c o r r e l a t e d  with t h e i r  y i e l d  s t r e n g t h  and c reep  r a t e  

though t h i s  technique Goes not  r e s o l v e  the very s m a l l  

p a r t i c l e s , i t  is be l ieved  t h a t  t h e  spacing between l a r g e r  

p a r t i c l e s  and clumps of particles as i nd ica t ed  by t h e  suriace 

r e p l i c a t i o n  technique should  still be the c r i t i c a l  parameter 

i n  the r e l a t i o n s h i p  between structure and mechanical 

Vhat appear 

. Even 
(10,111 

p r o p e r t i e s  (9) 

Del inea t ion  of q r a i n  s t r u c t u r e  1.n extruded alloys 

I n  order  t o  d e l i n e a t e  the g r a i n  s t r u c t u r e  of t h e  as- 

extruded a l l o y s ,  a su r face  deformation technique was used. 

When a specimen which h a s  been meta l lographica l ly  pol ished 

is  deformed, t h e  g r a i n  Boundaries w i l l  show up as a r e s u l t  of 

d i f f e r e n t i a l  deformation between ad jacen t  g ra ins .  The slip 
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l i n e s  on the sur face ,  which a r e  also produced by t h e  deformation, 

w i l l  u sua l ly  te rmina te  i n  t h e  g r a i n  boundaries and t h u s  f u r t h e r  

h e l p  t o  l o c a t e  them. 

The specimens used for  t h i s  s tudy were i.n the form of 

f l a t  t e n s i l e  specimens 1/1G" t h i ck ,  which were meta l lographica l ly  

pol i shed  on one side by mechanical techniques and vacuum 

annealed a t  6OOOC f o r  two hours  t o  remove the e f f e c t s  of 

co ld  working introduced during pol i sh ing .  

e l ec t ropo l i shed ,  and f i n a l l y  s t ra ined  i n  t e n s i o n  t o  t h e  

maximum amount of uniform elongation. 

w e r e  then r o p l i c a t e d  f o r  e l ec t ron  microscopy. 

They were then  

The pol i shed  su r faces  

Figure 3 is a micrograph of an extruded AT-400 alloy 

specimen prepared i n  t h i s  manner. It can be seen t h a t  t h e  

g r a i n s  a r e  very elongated, undoubtedly i n  t h e  d i r e c t i o n  of 

ex t rus ion .  The minor axes of t h e  g r a i n s  appear t o  be about 

1 t o  1:s microns i n  length,  while  t h e  major axes may be as 

long a s  10 t o  15 microns. These g ra ins ,  although elongated, 

con ta in  approximately the same volumes a s  t h e  o r i g i n a l  

s p h e r i c a l  powder p a r t i c l e s .  Therefore,  no g r a i n  growth has 

occurred during t h e  h o t  f ab r i ca t ing  process.  The oxide 

par t ic les  a r e  not  uniformly d i s t r i b u t e d  through t h e  g r a i n s  

b u t  are segregated near  the  g r a i n  boundaries. These p a r t i c l e s ,  

which are t h e  fragments of t h e  oxide f i lms  o r i g i n a l l y  formed 

on t h e  aluminum powder p a r t i c l e s ,  act  t o  i n h i b i t  movement of 

t h e  g r a i n  boundaries. 
- 9 -  



Figure 3 15,000 X 

Elec t ron  Micrograph of Carbon Replica of 
AT-400 Alloy, Stra ined  18% in Teasion 
after Ext rus ion  





Figure 4 is  a micrograph from a specimen of the 

extruded MD-2100 alloy. 

from t h e  AT400 a l l o y  except f o r  the presence of more oxide 

p a r t i c l e s .  

axes of somewhat less than  one micron. The MD-2100 powder 

is flake-shaped, r a t h e r  than sphe r i ca l ,  and t h e  f l a k e s  are 

about 0.8 micron i n  thickness .  

ind ica ted .  

p a r t i c l e s  along the  g r a i n  boundaries. 

oxide conten ts  than 149-2100 it i s  becoming more d i f  f i c u l t  

t o  b r i n g  ou t  the g r a i n  s t r u c t u r e  by t h e  s t r a i n i n g  technique 

because of t h e  increased r e s i s t ance  t o  deformatton of these 

a l loys .  It is  reasonable  t o  assume, howevez, on the b a s i s  

of t h e  r e s u l t s  from t h e  other  a l l o y s ,  t h a t  no g r a i n  growth 

occurs  i n  these ma te r i a l s  during hot  f ab r i ca t ion .  

It appears similar t o  t h e  micrograph 

T h e  g ra ins ,  which a r e  e longated,  have minor 

Again no g ra in  growth is 

This alloy a l so  shows s t r i n g e r i n g  of t h e  oxide 

I n  a l l o y s  wi th  h igher  

The q r a i n  coarseninq t reatment  and i t s  e f f e c t  upon oxide 
p a r t i c l e  d i s t r i b u t i o n  

A coarse grained s t r u c t u r e  was produced i n  the AT-400 

and t h e  MD-2100 a l loys .  Before being ho t  worked and ex- 

t ruded the a l l o y s  were given t h e  vacuum s i n t e r i n g  t reatment  

i n  order  t o  avoid t h e  formation of b l i s t e r s  and f i s s u r e s  

dur ing  later processing. 

worked by r o l l i n g  i n  square and hexagonal grooved r o l l s  and 

annealed i n  a i r  i n  a r e s i s t ance  heated m u f f l e  furnace.  

A f t e r  ex t rus ion  the a l l o y s  w e r e  cold 

- 10 - 



Figure 4 10,000 x 

Electron Micrograph o f  Carbon Replica of 
MD-2100 Alloy,  S t ra ined  13% in Tension 
a f t e r  Extrusion 





e 

To produce a completely coa r se  grained s t r u c t u r e  i n  

two hours  a t  54O0C, the  AT400 a l l o y  requi red  a t  l e a s t  70% 

reduct ion  i n  a r e a  by ro l l i ng .  

85% reduct ion  i n  a rea  f o r  gra in  coarsening 

anneal ing condi t ions .  

produce coa r se  g r a i n s  i n  the M~-5100 a l loy .  

i n  a rea  followd by annealing 10 hours a t  643OC ( the  s o l i d u s  

temperature) produced no evidence of g r a i n  growth. Photo- 

micrographs of tlie t y p i c a l  s t r u c t u r e  of g r a i n  coarsened 

AT-400 and MD 2100 a l l o y s  produce4 by oxid iz ing  t h e  a l l o y  

anod ica l ly  and photographing it under po la r i zed  l i g h t  have 

been published previous ly  (6). The g r a i n s  a r e  elongated in 

t h e  d i r e c t i o n  of r o l l i n g  w i t h  d iameters  of a f e w  t e n t h  of a 

millimeter i n  t h e  d i r e c t i o n  normal t o  r o l l i n g  and l engths  

up  t o  several m i l l i m e t e r s  in  the r o l l i n g  d i r e c t i o n .  T h e  

i nc rease  i n  l i n e a r  g ra ins i ze  approaches t h e r e f o r e  three o rde r s  

of magnitude. The effect  of tlie grain-coarsening t rea tment  

upon t h e  d i s t r i b u t i o n  of t h e  oxide p a r t i c l e s  is i l l u s t r a t e d  

by comparing Figure 5, an e l ec t ron  micrograph of a r e p l i c a  

from a coarse grained I4D-2100 powder,with Figure 6 w h i c h  shows 

the same a l l o y  be fo re  the g ra in  coarsening t reatment .  T h e  

severe  cold reduct ion  required t o  ob ta in  a coa r se  gra ined  

material h a s  produced a more uniform d i s t r i b u t i o n  of the 

oxide p a r t i c l e s .  

The  MD-2100 a l l o y  requi red  

under the same 

An unsuccessful a t tempt  was made t o  

A 95% reduct ion  
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Figure  5 10,000 x 

Elec t ron  Micrograph of Carbon Rep]-ica 
of MI)-2100 Alloy Grain Coarsened after 
Extrus ion  by Roll ing and Annealing 





Figure  6 10,000 x 

Elec t ron  Micrograph of Carbon Replica of 
MD-2100 Alloy  as Extruded 
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Room Temperature Tens i l e  P rope r t i e s  

The room temperature t e n s i l e  p r o p e r t i e s  determined i n  

t h i s  i n v e s t i g a t i o n  include not  only t h e  usua l  0.2% o f f s e t  

yiei.6 screngtn,  b u t  al-so t h e  O.Ul% o+Lset y i e l d  s t r eng th .  

They i n d i c a t e  t h e  y i e l d i n g  and t h e  e a r l y  work hardening 

behavior  of t h e  a l loys .  

t h i s  purpose were obtained i n  an I n s t r o n  t e s t i n g  machine on 

The s t r e s s - s t r a i n  data required f o r  

s tandard  proportioned reduced s i z e  t e n s i l e  specimens with 

a 1/8" diameter gage sec t ion  us ing  e l e c t r i c a l  r e s i s t a n c e  type 

s t r a i n  gages . (12) 

The r e s u l t s  of t e n s i l e  tests f o r  vacuum s i n t e r e d  a l l o y s  

and f o r  a l l o y s  t r e a t e d  t o  produce a coarse  g r a i n  s ize  obtained 

i n  t h i s  i n v e s t i g a t i o n  a r e  combined i n  Table I1 with t h e  data 

of Lenel, Backensto and Rose ('1 and those of Lenel, Ansell 

and Bosch (8) on a l l o y s  i n  t h e  extruded cond i t ion  without  

a p r i o r  vacuum s i n t e r i n g  treatment.  

Vacuum s i n t e r i n g  produces a loss i n  u l t i m a t e  t e n s i l e  

s t r e n g t h  i n  a l l  of t h e  alloys, and a sirnilar loss i n  0.2% 

o f f s e t  y i e l d  s t r e n g t h  for a l l o y s  from 10-2100 and MD-5100 

powders, for which comparable va lues  a r e  ava i l ab le .  Along 

wi th  t h e  decrease i n  s t rength ,  all of the vacuum s i n t e r e d  

a l l o y s  show measurable increases  i n  e longat ion.  I n  view 

of the changes i n  t h e  s t r u c t u r e  revealed by f i g u r e s  1 and 2, 

the changes i n  mechanical p rope r t i e s  a r e  not  su rp r i s ing ,  s i n c e  

the e f f e c t i v e  p a r t i c l e  spacing is s i g n i f i c a n t l y  increased by 

t h e  vacuum s i n t e r i n g  treatment. 
- 12 - 
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T h e  a l l o y s  with t h e  coarse  g r a i n  s t r u c t u r e  have s t i l l  

lower y i e l d  s t r eng th  and ul t imate  t e n s i l e  s t r eng th  b u t  the 

same d u c t i l i t y  as  the  vacuum s i n t e r e d  alloys. Their 

y i e l d  s t r e n g t h s  a re ,  however, w e l l  above those  f o r  an 

aluminum matr ix  of s imi l a r  composition t ~ i t h o u t  t h e  

dispersed phase. 
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